ABSTRACT. Addressing the environmental challenges of the 21 st century requires substantial changes to the way modern society views and manages ecosystems. In particular, many authors contend that fundamental transformation of the largely sectoral, expert-centered ecosystem-management institutions of modern, Western societies is needed. There is increasing agreement that more adaptive, integrated, collaborative ecosystem-management approaches, interlinked at multiple scales, would improve society's ability to sustainably manage complex social-ecological systems. Therefore, understanding processes of transformation, and factors that may enable transformation in ecosystem management, has become an active research area. We explore ecosystem-management transformations using a social-innovation framework. Based on three local-level case studies of transformation in freshwater management, we provide a pilot assessment of factors that may promote the emergence and adoption of integrated, collaborative ecosystem-management approaches. Our analysis suggests that ongoing environmental degradation, increasing environmental awareness, and shifting societal values are creating fertile ground for the emergence and adoption of new approaches to ecosystem management. Based on the case studies we examined, we suggest that initiatives that foster environmental awareness and attachment to local ecosystems, develop capacity for social entrepreneurship in the environmental arena, promote dialogue between key stakeholders, and provide institutional support to new institutions may facilitate the emergence of integrated, collaborative ecosystem-management approaches.
INTRODUCTION
Many ecosystems, at scales ranging from local to global, are now heavily human-influenced, and are undergoing large, far-reaching changes that threaten human well-being (Steffen et al. 2004 , Millenium Ecosystem Assessment 2005 Panel on Climate Change 2007). There is growing consensus that addressing this situation requires significant changes to the ways society views and manages ecosystems (Cortner and Moote 1999 , Millenium Ecosystem Assessment 2005 , WaltnerToews et al. 2008 . Ecosystem-management institutions, including the processes, rules and structures for managing ecosystems (Ostrom 2005) , are recognized as being in particular need of change. The centralized, sectoral, expert-centered approaches that have largely characterized ecosystem management in modern, Western contexts over the past century are increasingly recognized as insufficient for addressing many contemporary environmental challenges (Holling and Meffe 1996 , Walker and Salt 2006 . There is growing agreement that ecosystem management, at multiple interlinked levels, needs to be transformed to more adaptive, integrated, collaborative approaches to improve environmental and social outcomes (Berkes et al. 2003 , Dietz et al. 2003 , Folke et al. 2005 . Here, we explore factors that may help foster such a transformation in ecosystem management.
Shifts in beliefs about appropriate ecosystemmanagement institutions are related to changes in our understanding of how ecosystems function. Much of the 20 th century was dominated by the metaphor of ecosystems as complicated machines, suggesting that once their functioning was understood, policies could be designed to control and maintain ecosystems in some "optimal" state (Cortner and Moote 1999). We now have a different understanding of ecosystems. Rather than behaving as complicated machines, ecosystems are better understood as complex, evolving systems similar to living organisms (Levin 1998, Norberg and Cumming 2008) . This view emphasizes that ecosystems are continuously evolving and changing. This change is sometimes slow and gradual and at other times large and rapid (Eldredge and Gould 1972 , Repetto 2006 . Therefore, it shifts the focus of management away from attempting to maintain ecosystems in some fixed optimal state and instead focuses on guiding ecological change along desirable trajectories. Consequently, a complex systems perspective emphasizes the need for ongoing learning and continual re-evaluation and adaptation of ecosystem-management strategies (Walters 1986 , Chapin et al. 2009 ).
A complex systems view also highlights the importance of integrated, systemic approaches to ecosystem management. A distinguishing feature of complex systems is that they are defined more by the interactions among their constituent parts than by the parts themselves. Interactions among system components give rise to properties that cannot be predicted from the individual parts, a characteristic known as "emergence" (Holland 1999 , Manson 2001 . Given the strong interactions that exist between people and ecosystems, there is growing consensus that ecosystems are best understood and managed as coupled social-ecological systems (SES; Berkes and Folke 1998 , Millenium Ecosystem Assessment 2005 , Norberg and Cumming 2008 . This suggests that although ecosystem management can draw on the information gained from sectoral expertise, it needs to adopt a systems approach that accounts for different sectors, as well as the ecological and social dimensions of ecosystems, in an integrated way.
Furthermore, it is becoming evident that the nature of complex systems poses inherent limitations on our ability to understand, predict, and control SES (Pilkey and Pilkey-Jarvis 2007, Roe and Baker 2007) . Deciding on desired ecosystem outcomes, resolving trade-offs, and incorporating uncertainty and risk into decisions cannot be done through expert analysis alone, but require deliberation amongst relevant stakeholders (Cortner and Moote 1999 , Bocking 2004 , Millenium Ecosystem Assessment 2005 . Growing awareness of the pervasiveness of uncertainty in complex systems calls for more participatory approaches to ecosystem management where those who have a stake in the ecosystem outcomes can participate in and contribute to decision making.
Encouragingly, there are several published examples of local-scale transformation from sectoral, expert-centered approaches to a more integrated, collaborative, adaptive forms of ecosystem management (Yaffee et al. 1996 , Olsson et al. 2004 . These examples may provide valuable insight into the conditions and processes necessary to stimulate transformation in ecosystemmanagement institutions in other regions and on larger scales. Many different frameworks can be used to understand processes of change in ecosystem management; for example, the punctuated equilibrium model (Repetto 2006) , paradigm shifts (Kuhn 1970) , the garbage can model (Cohen et al. 1972) , and transition management (Rotmans et al. 2000 , Loorbach 2007 . Case studies of transformation have also been analyzed to identify different phases in the process of transformation (Olsson et al. 2004; 2006 , Voss 2007 . Here, we explore the analysis of transformative change in ecosystem management as a process of social innovation. A strength of the social-innovation framework is that it is founded on a complex systems view, and it not only describes processes of change, but also emphasizes the factors and leverage points that may foster the emergence of transformative change.
Our aim was to use a social-innovation framework to provide a pilot assessment of factors that may be leveraged to stimulate transformations in ecosystem management, from sectoral, expert-centered to adaptive, integrated, collaborative approaches. The social-innovation framework has not yet been applied to the question of transformation in ecosystem management, and may potentially provide some novel insights. Importantly, we do not attempt to provide a comparative assessment of the social-innovation framework relative to other frameworks for understanding change processes. Nor was it our intention to describe the change processes themselves in detail. Rather, our intention was to conduct an exploratory study using a social innovation framework to identify factors that might be leveraged to stimulate transformations in ecosystem management, thereby provide a starting http://www.ecologyandsociety.org/vol15/iss2/art9/ point for more in-depth inquiries. Therefore, we have structured our discussion around potential key leverage factors and the relevant insights provided by each of the case studies, rather than around a detailed description of the transformation process in the individual studies as these have partly been documented elsewhere (e.g., Olsson et al. 2004 ).
SOCIAL INNOVATION AND TRANSFORMATION
Social innovation refers to new concepts, strategies, initiatives, products, processes, or organizations that meet pressing social needs and profoundly change the basic routines, resource and authority flows, or beliefs of the social system in which they arise (Westley et al. 2006 , Young Foundation 2006 . Social innovations can be pioneered by a wide range of actors, including NGOs, community groups, charities, governments, business, academics, philanthropists, or combinations of these groups. Innovation differs from invention in that it does not only refer to the creation of new ideas or products, but also to the processes of diffusion or adoption that make promising ideas useful in meeting social needs (Young Foundation 2006 , McKeown 2008 . Therefore, any process of social innovation consists of two dynamics: (1) "bricolage," or recombining existing and new ideas to form something novel (Levi-Strauss 1962, Arthur 2009), and (2) "contagion" or "diffusion," the adoption and spread of novel ideas or inventions (Rogers 1995 , Westley et al. 2005 
observations).
In the innovation field more broadly, two categories of innovation have been defined: (1) incremental innovation, and (2) radical innovation (McKeown 2008) . Most innovation is incremental and represents evolutionary, stepwise improvements to existing ideas, products, or processes. Incremental innovation has a high chance of success and low uncertainty about outcomes. Radical innovation involves the development and adoption of new combinations of ideas, products, or processes that challenge or disrupt the broader institutional framework, whether it is social, cultural, political, or economic (Christensen et al. 2006) . It requires larger leaps of understanding and often new ways of seeing a problem. The chances of success are difficult to estimate and there is initially often considerable opposition to such ideas (McKeown 2008) . Social innovations are no exception. Both "routine" and "radical" forms of innovation are evident in social contexts, with the latter leading to profound changes in the systems in which they arise (Westley et al. 2006) .
The relationship between incremental and radical innovation can be understood in terms of the adaptive cycle (Holling 2001, Gunderson and ; Fig. 1 ). The front loop of the adaptive cycle can be seen as largely characterized by incremental innovation that strengthens the current system or trajectory of change. In contrast, the back loop may be precipitated by, or create a window of opportunity for, radical innovation. Changes and innovations that occur in the back loop may lead to fundamental reorganization of the SES, so that the system functions in a qualitatively different way than it did before, that is, it is transformed (Walker et al. 2004 , Chapin et al. 2009 ). The uncertainties associated with the back loop may often provide a stimulus for innovation (Plowman et al. 2007 ). Cross-scale effects are often important. Radical innovations at the local scale may cascade up, leading to transformations at larger scales, or vice versa . For example, the invention of modern agriculture fundamentally transformed SES at the global scale. The cumulative effect of individual incremental innovations may lead to radical innovation, as in the case of telephones and the internet. Similarly, transformative social innovations often occur through waves of individual innovations. For example, during the period of rapid industrialization and urbanization in 19 th century Europe, a huge upsurge in social innovation occurred, leading to the development of microcredit facilities, building societies, cooperatives, and trade unions that collectively met an array of new social needs and helped to transform society (Young Foundation 2006) . A similar wave of innovation is needed if modern society is to transform its current ecosystem-management institutions to meet the environmental challenges of the 21 st century (Millenium Ecosystem Assessment 2005 , Martin 2007 , Waltner-Toews et al. 2008 .
Much has been written on sources of innovation and enhancing the diffusion of innovations, especially in the business arena (Von Hippel 1988 , Rogers 1995 , Fagerberg et al. 2006 . However, factors promoting social innovations are relatively unstudied. Available work suggests that social innovation is greatly facilitated by: (1) finance specifically directed at supporting innovation, (2) incubation processes that nurture promising innovations in their early stages, (3) leaders who visibly encourage and reward successful innovations, (4) the promotion of interactions across http://www.ecologyandsociety.org/vol15/iss2/art9/ Fig.1 . The adaptive cycle (Holling 2001, Gunderson and : a useful metaphor for understanding incremental and radical innovation in complex SES. † Adapted from Panarchy by Lance H. Gunderson and C. S. Holling, editors. Copyright © 2002 Island Press. Reproduced by permission of Island Press, Washington, D.C. †The front loop of the adaptive cycle can be seen as largely characterized by incremental innovation, and the back loop is typically marked by radical innovation. Factors that trigger a switch from the front loop to the back loop often derive from processes operating at larger or smaller scales than that of the system of interest . "Traps" in the adaptive cycle may also be seen in the context of innovation. A "poverty trap" (stuck in the α-phase) refers to a situation where the system is unable to move out of the back loop because of a lack of new ideas or an inability to choose an option and act upon it, given a lack of resources, for example. A "rigidity trap" (stuck in the K-phase) results from resistance to the adoption of new innovations because of, for example, large, rigid bureaucracies or powerful groups with vested interests (Miller 1993 , Carpenter and Brock 2008 . Boxes indicate the phases of transformation in ecosystem management identified by Olsson et al. (2004) that we have mapped onto the adaptive cycle. organizational, sectoral, or disciplinary boundaries, (5) empowerment of users and stakeholders to drive innovation themselves, and (6) the opening of markets and governance processes to user groups and private businesses (Young Foundation 2006) . Importantly, social innovation cannot be directly planned and produced; it can only be stimulated by creating an environment conducive to the emergence of innovation. Like any innovative process, rates of success can be increased, but substantial failure rates for social innovations are to be expected (Westley et al. 2006 , Young Foundation 2006 , McKeown 2008 . http://www.ecologyandsociety.org/vol15/iss2/art9/
METHODS
The objective of this study was to use a social innovation perspective to explore factors that may foster transformation from a sectoral, expertcentered ecosystem-management approach, to a more adaptive, integrated, collaborative form of ecosystem management. We used an exploratory case-study approach (Yin 1994) to investigate this question. The exploratory case-study approach is appropriate where: (1) the goal is to develop hypotheses and propositions for further enquiry, (2) it is not possible to control the situation being investigated, for example, through experimental manipulation, and (3) a holistic approach that considers the interplay of factors in the richness of contemporary real-world contexts is required to understand "how" and "why" certain events occurred (Yin 1994 , Stake 1995 . Therefore, we did not predefine potential factors facilitating transformation but rather allowed them to emerge from the case studies. Importantly, results from such exploratory analyses should not be taken as conclusive. Detailed, rigorous, explanatory casestudy approaches are needed to firmly establish causal connections between conditions and events; that is, internal validity. The intention was that this pilot study would explore the usefulness of a socialinnovation perspective and would suggest starting points for more detailed case studies, rather than provide conclusive empirical findings.
To explore factors that may be leveraged to stimulate transformation in ecosystem management, we investigated three local-level case studies involving transformations in freshwater management: (1) the Kristianstad Vattenrike wetlands in southern Sweden, (2) the Sabie River in eastern South Africa, and (3) the Yahara Lakes near Madison, Wisconsin, USA. We focused specifically on factors that might promote "bricolage" and "diffusion," that is, the development and spread of social innovations in ecosystem management to identify potential leverage factors. We were particularly interested in the extent to which common factors could be identified across the three case studies, as these would suggest important initial research topics for more in-depth explanatory studies into policies that could help stimulate transformations in ecosystem management.
To broaden external validity and the potential applicability of our results, we selected case studies from three different regions of the world. Although all three cases represent modern, Westernized ecosystem-management contexts, their cultural and economic contexts differ markedly (Fig. 2) . We have suggested that common factors identified as facilitating transformation across these three cases may be applicable in other countries with relatively developed economies and strong European heritages. All three case studies focused on transformations in freshwater management. The extent to which our findings may be applicable to ecosystem-management transformations in other contexts, and in other arenas such as biodiversity or agriculture, needs to be elucidated through further research. In addition to geographic diversity, we selected the case studies based on their capacity to represent examples of local-scale transformation in ecosystem management, and the availability of information and interviewees. Given that we were interested in transformations from sectoral, expertcentered approaches to adaptive, collaborative, integrated approaches, all selected case studies had to show a change in this respect, and we took this change to be the central innovation of interest. The criteria for judging whether each case study qualified as an example of local-scale transformation in ecosystem management included whether: (1) a new named and identifiable entity, e.g., a bridging organization, emerged that facilitated much broader engagement and participation by stakeholders in ecosystem management, (2) the entity became the central coordinating body for ecosystem management in the particular region, linking disparate projects and groups and replacing a previous dominant authority or several sector-based authorities that were largely expert-based, (3) the entity explicitly adopted an integrated approach, implicitly or explicitly founded on a coupled social-ecological perspective and taking into account the interactions among different sectors, e.g., conservation and agriculture, (4) the entity displayed flexibility and adaptiveness in responding to changing environmental conditions or stakeholder interests, (5) the entity was deemed by most stakeholders to have had a significant impact in terms of improving local environmental conditions, or at least preventing further deterioration of environmental conditions, (6) the entity existed for at least a decade, and (7) the domain of influence of the entity was local in scale: sub-national, sub-state, or sub-provincial.
Our case-study approaches typically drew on a variety of information sources including interviews with actors, written records, and personal Location and key statistics of the three case studies. † †The case studies show substantial cultural and economic diversity. Sweden is a relatively homogeneous society, as is the United States, whereas South Africa is highly multicultural. The United States has a strong capitalist and individualist ethic, whereas Sweden is a socialist society; South Africa lies somewhere between these extremes. In terms of economies, Sweden and the United States are both highly developed, and South Africa is a strong emerging economy (World Bank 2006) . Population data are interpolated estimates for the watersheds for circa 2000. ‡Photo credits: Dick Lathrop, Patrick Olofsson, Rina Grant . http://www.ecologyandsociety.org/vol15/iss2/art9/ observation. We investigated the process of social innovation in each case study based on the published literature and based on in-depth, open-ended interviews (Rubin and Rubin 1995, Kvale 1996) with 2-3 people knowledgeable about each case. We interviewed both researchers and ecosystem managers to gain different perspectives on the factors that were seen as important in enabling transformation. The interviews were recorded for referral and notes were made of points that were particularly emphasized by the interviewees. The interviews were conducted by asking interviewees to "tell the story" of how the new integrated, collaborative ecosystem-management approach came to be. This enabled interviewees to relate their understanding of the connections among events from their own particular mental frameworks rather than from the theoretical framework of social innovation. However, interviewees were asked to specifically highlight factors that were critical to:
(1) coming up with the idea for the new entity, (2) establishing and maintaining the new entity, and (3) providing important obstacles to the establishment and maintenance of the new entity. The key common factors that appeared to facilitate transformation across the different case studies were synthesized and inferred based on these interviews and the literature about each case study. Where interviewees indicated an interest in reviewing the findings from the study, draft copies of the paper were provided and their comments were incorporated.
The written material for all three case studies was relatively limited. We attempted to gather and analyze all documents that reported on the case studies in any depth (Table 1) . These documents were found through literature searches and through material identified and provided by the interviewees. As in the case of the interviews, in the written material we focused specifically on factors that were critical to: (1) coming up with the idea for the new entity, (2) establishing and maintaining the new entity, and (3) providing important obstacles to the establishment and maintenance of the new entity. Where the interviewees had authored or contributed to the written material, our understanding of the material was discussed and checked with the interviewees.
OVERVIEW OF THE CASE STUDIES
We introduce the ecosystem-management transformations that occurred in each of the case studies we examined, describe a set of key common factors that appeared to underlie innovation and transformation across the studies, and then discuss how these factors played out in each of the case studies. In all three of the case studies we explored, transformations in ecosystem management occurred through the establishment of bridging organizations during the late 1980s and early 1990s. Bridging organizations link actors at different levels and thereby facilitate interorganizational collaboration between, for example, government agencies, nongovernmental agencies, businesses, and community groups (Brown 1991 , Westley and Vredenburg 1991 ). The bridging organizations in the three case studies we explored were established to address the ongoing degradation of local freshwater ecosystems, and aimed to coordinate and integrate fragmentary individual ecosystem-management projects. In all three cases, the changes that occurred constituted a substantial reorganization in ecosystem management according to the criteria listed above and, therefore, were interpreted as examples of transformation (Walker et al. 2004 , Chapin et al. 2009 ).
Kristianstads Vattenrike, Sweden
Kristianstads Vattenrike constitutes an extensive area of wetlands on the lower Helgeå River surrounding the town of Kristianstad in southern Sweden. The wetlands provide valuable ecosystem services such as flood control, cultural and recreational values, and flooded meadows for grazing and haymaking. The wetlands also support a rich floral and faunal diversity (Olsson et al. 2004 ). Importantly, much of the wetland diversity is maintained by grazing and haymaking practices, making local people cultural stewards of the wildlife habitats (Nabhan 1997 , Olsson et al. 2004 ).
Since the founding of the town in 1614, and especially after World War II, growing developmental pressures led to increasing degradation of the Kristianstad wetlands (Magnusson 1981) . In an attempt to preserve the wetlands, a section of the area immediately adjacent to the Helgeå River was put on the Ramsar List of Wetlands of International Importance in 1975. This resulted in several conservation plans aimed at protecting the area from further exploitation. However, management of the wider Kristianstads Vattenrike remained uncoordinated, and despite its Ramsar designation, inventories and observations indicated that the natural and cultural values of the wetlands continued to be degraded. In particular, there was evidence of declining bird populations, eutrophication and overgrowth of the lakes, and a decrease in the use of flooded meadows for haymaking and grazing (Olsson et al. 2004 ).
In 1989, growing concern about the plight of the wetlands provided the impetus for establishing the Ecomuseum Kristianstads Vattenrike (EKV), largely through the efforts of a key visionary individual, Sven-Erik Magnusson (Olsson et al. 2004 ). The EKV acts as a bridging organization to facilitate and coordinate wetland-management activities (Hahn et al. 2006 ). The EKV brought about a transformation in the management of the wetlands in three key respects:
(1) it integrated conservation with economic and social development priorities and led to the development of a new identity for the town of Kristianstad, previously known as a military training center, (2) it provided a framework for linking previously fragmented and uncoordinated individual efforts to manage the wetlands, and (3) it initiated a process of collaborative management, creating a space for developing a common vision for the wetlands and addressing potential conflicts in a proactive manner. Institutionally, the EKV is part of the Kristianstad Municipality and reports directly to the municipality board, but has no authority to make or enforce legal rules (Olsson et al. 2004 ).
An important obstacle to the establishment of the EKV was the attitudes and values that residents had toward the wetland systems. The wetlands were largely perceived as a liability and a problem rather than an asset. In addition, lack of funding and conflicts among stakeholders threatened the viability of the EKV. (Venter and Deacon 1995) . Given the high biodiversity value of the river, this situation was of significant concern to aquatic scientists in Kruger National Park. The situation was also of substantial concern to irrigation farmers and domestic water users. Prompted by their concerns, aquatic scientists in Kruger National Park called a meeting with the Sabie River Irrigation Board. Discussions resulted in the formation of a task team to investigate options for addressing concerns surrounding the drought, and subsequent stakeholder meetings led to the formation of the Sabie River Working Group (SRWG).
The SRWG acted as a bridging organization, transforming the existing management system by:
(1) promoting dialog between the major stakeholders in the catchment, (2) providing a forum where a common vision and goals for the river were developed and agreed upon, and (3) providing an impetus for developing and implementing activities to realize this vision. The river management objectives developed by the SRWG focused on the fair distribution of water within the catchment, and preventing the river from drying up or becoming polluted within Kruger National Park. The different stakeholder groups proposed and carried out activities to realize these goals. These measures enabled the SRWG to meet its objectives, and the river did not stop flowing (O'Keeffe and Rogers 2003).
Conflicts among stakeholders, especially those involved in agriculture and forestry, were an important obstacle to the establishment of the SRWG. Much of this conflict revolved around differing perspectives and a lack of agreement about the impact of activities such as forestry on river flow.
The SRWG remained active as a coordinator and facilitator of activities in the catchment for about a decade after its formation. The group was eventually disbanded during attempts to establish the Inkomati Catchment Management Agency (CMA), a government-initiated agency that is to fulfill similar functions to the SRWG, mandated by new environmental legislation. However, the Inkomati CMA has yet to become operational, and the disbanding of the SRWG has created a significant vacuum in the coordination of activities in the catchment. Wisconsin situated on the shores of Lake Mendota, they are also among the most studied lakes in the world (Brock 1985 , Kitchell 1992 , Carpenter 2003 . The remainder of the Yahara watershed is mainly used for agriculture. Phosphorous runoff, primarily from urban construction sites and agricultural fields, is a major contemporary cause of algal blooms in the lakes, leading to fish kills, affecting recreational activities, producing a nasty smell, and increasing the costs of water purification (Carpenter et al. 2006) . Therefore, valued ecosystem services are compromised by the side effects of agriculture and expanding urbanization.
The area was settled in the 1830s, and noxious algal blooms and fish kills were regularly reported on in the Yahara Lakes beginning in the 1880s (Brock 1985) . Initially, the main causes of the eutrophication were runoff from cleared agricultural lands and raw sewage Verify that the meaning has not been changed. Initiatives to divert sewage were active from the 1940s through the 1960s, and all sewage was diverted to sewage treatment plants by 1971 (Carpenter et al. 2006 ). However, nonpoint phosphorous pollution from fertilizer runoff and urban construction sites led to ongoing eutrophication problems. As of 1975, the Dane County Regional Planning Commission began preparing plans to control nonpoint pollution, but action was limited (Carpenter and Lathrop 1999) . In 1980, the western half of Lake Mendota's drainage basin (Sixmile-Pheasant Branch Creeks) was designated as a priority watershed project by the Wisconsin Department of Natural Resources, allowing state funds to be used to share the cost of nonpoint pollution reductions with individual landowners and municipalities. However, voluntary participation by landowners was minimal, and many of the management practices turned out to be http://www.ecologyandsociety.org/vol15/iss2/art9/ ineffective at reducing phosphorous inputs (Carpenter and Lathrop 1999).
To more effectively address the ongoing waterquality problems in the Yahara Lakes, the Dane County Board created the Dane County Lakes and Watershed Commission (LWC) in 1988. The LWC was intended to integrate fragmented watershedmanagement activities, and was empowered to improve water-quality and the scenic, economic, recreational, and environmental value of the county's water resources (Carpenter et al. 2006 ). The LWC can recommend programs, plans, and projects to the County Board for approval, and can insist that minimum standards be passed for waterquality benefits. The establishment of the LWC represented a transformation in the management of the Yahara Lakes in the following respects: (1) it helped refocus efforts to manage water-quality to account for activities in the entire watershed, rather than only focusing on in-lake management, (2) it provided a means for integrating fragmented efforts relating to the management of the Yahara Lakes and their watersheds, and (3) it allowed for formal representation of stakeholders and provided forums where the public could give input on lakemanagement issues (Born and Rumery 1989, Nakamura and Born 1993). Although public participation had been emphasized before the LWC, the myriad governmental entities previously responsible for water-related management made effective public participation in decision-making processes difficult (Nakamura and Born 1993) . However, important obstacles in the formation and operation of the LWC were engaging different stakeholders and authorities, and building support and appreciation for issues that transcended the narrow interests of each group.
As of 2008, the LWC continued to play an active role in coordinating freshwater management in the Yahara Lakes district. However, there are concerns that the LWC is preoccupied with short-term crises (e.g., restricting boat speeds to prevent flooding of shoreline houses because of high water levels), rather than focusing on long-term strategic issues, such as the risk of alien invasives and the potential consequences of climate change.
KEY FACTORS UNDERLYING INNOVATION ACROSS THE CASE STUDIES
Based on the literature and interviews, we identified important factors contributing to innovation and transformation in each of the case studies. We grouped these factors along three dimensions: (1) the trigger or impetus for innovation, (2) "bricolage" and the sources of new ideas and approaches, and (3) "diffusion," whereby new ideas and approaches became adopted and implemented ( Table 2 and our interviews, we identified the following key common factors underlying transformation in ecosystem management across the three case studies: (1) environmental crises, (2) reframing of perspectives, (3) engaging stakeholders, (4) social entrepreneurship, and (5) institutional support. These findings corroborate existing work in diverse fields. What our analysis adds is to emphasize specifically how these factors may stimulate social innovation and transformation in ecosystem management, and to provide a starting point for more in-depth analyses of how and under which conditions these factors might be leveraged.
Environmental Crises
Environmental crises are abrupt or ongoing environmental changes that have negative implications for human well-being. In all three case studies, ongoing and anticipated future environmental degradation appears to have been the major impetus for developing and adopting new approaches to ecosystem management (e.g., Table 3 , Quote A). This observation confirms work by other authors who suggest that ecosystem-management changes are often triggered by environmental crises (Plummer and Fitzgibbon 2004, Folke et al. 2005) . However, in the case studies we examined, degradation itself appeared insufficient for precipitating changes in the management approach, as least initially. It seems that at least two additional factors were necessary before alternative approaches to ecosystem management were adopted. http://www.ecologyandsociety.org/vol15/iss2/art9/ Increasing environmental awareness among the public, partly associated with the death of seals along the coast.
Need to revive the town's identity and local economy following its decline as a military training center.
Major drought that was projected to lead to the first-ever cessation of flow in the Sabie River.
Ongoing increases in withdrawals, threatening future river flow.
Increasing awareness of the value of the Sabie River in terms of its aquatic diversity and relatively unimpacted state.
Ongoing eutrophication problems related to phosphorous runoff from agricultural fields and urban construction sites.
Fragmentation of management activities and relating to lake management.
Designation of priority watersheds and influx of associated funding. Granting of advisory powers to the commission strengthened it.
Ecology and Society 15(2): 9 http://www.ecologyandsociety.org/vol15/iss2/art9/ First, the value of the ecological attributes being lost and their connections to human activities had to become appreciated. In all three studies, this growth in awareness seems to have been a gradual process involving a complex interplay between increased ecological understanding and changing societal values. Second, transformation did not occur until it became apparent that existing approaches, or incremental modification to existing approaches, did not adequately address the degradation. For example, the initial response to wetland degradation around Kristianstad was to protect the wetlands through designation as a Ramsar wetland site, a response that fitted the sectoral approaches of the day. It then took more than a decade to "test" this intervention, realize its inadequacies, and initiate an Ecology and Society 15(2): 9 http://www.ecologyandsociety.org/vol15/iss2/art9/ alternative response in the form of the EKV (Olsson et al. 2004 ). In the Yahara Lakes case, incremental responses to environmental issues led to a large proliferation of agencies and programs responsible for water-related issues, but with no mechanism for coordination among these agencies (Table 3 , Quote B). Alternative approaches were sought only once it became clear that this was untenable and limiting the effective management of the lakes (Born and Rumery 1989, Nakamura and Born 1993).
Nevertheless, all three case studies displayed a substantial degree of proactiveness in identifying and addressing environmental situations that would likely have led to considerable conflict and acrimony if they had been left unaddressed. Encouragingly, this suggests that actors are able to initiate and mobilize management changes based on information that serious problems may be looming, without experiencing such problems first-hand. Based on the interviews we conducted, we speculate that ecosystem-management transformations may be more likely, and are more likely to be lasting, if initiated before high levels of conflict set in. It is well known that once strong feelings of acrimony exist, people tend to become locked into defensive positions (Kahane 2004, Tavris and Aronson 2007) . Initiating dialog and developing and implementing new approaches to ecosystem management may then become substantially more difficult (HomerDixon 1995, Kofinas and Griggs 1996, Olsson 2007) .
Reframing of Perspectives
A "frame" in social theory consists of a schema of interpretation, that is, a collection of anecdotes and stereotypes that individuals rely on to understand, interpret, and respond to events (Goffman 1974) . Reframing involves seeing a context or situation in a new and different way that often enables new possibilities to emerge. In the case studies we examined, reframing of perspectives appeared central to the emergence of approaches that transformed ecosystem management. In all three cases, changes in stakeholder perspectives seem to have been substantially informed by new ecological understanding. For example, it was not until the 1960s that the link between phosphorus in agricultural fertilizers and freshwater eutrophication became firmly established scientifically (Schindler 2006) . In the case of the Yahara Lakes, understanding the connections between activities in the watershed and in-lake water-quality problems was central to identifying the need for management at the watershed level rather than simply at the lake level. The newly recognized need for watershedlevel management was central to the development of the initial idea for the LWC and the drive to establish it (Born and Rumery 1989).
Reframing of perspectives in the case studies also appears to have been greatly influenced by more diffuse processes of growing environmental awareness and changing societal values. Increasing environmental awareness globally and associated changes in societal values through the 1960s and 1970s (e.g., Carson 1962 , Ehrlich 1968 , Meadows et al. 1972 appears to have made stakeholders in the different studies more receptive to new management initiatives focused on improving environmental quality. For example, in the case of Kristianstad, media attention highlighting the death of seals along the Swedish coast in the late 1980s was specifically noted as helping to create a receptive environment for discussions on establishing the EKV (Olsson 2007 ).
More directly, stakeholder perspectives seem to have been influenced by exposure to the local ecosystems and informal interaction with other stakeholder groups. For example, interviewees in the Sabie River case study identified field trips as a critical success factor in the development of the SRWG. During these field trips, irrigation farmers, forestry representatives, and other stakeholders were taken out to a section of the Sabie River in Kruger National Park where they electrofished and collected macroinvertebrates. Interesting and unique aspects of the ecology were highlighted in an informal and enjoyable way. Similar outings were arranged by the forestry and irrigation sectors to highlight the ways in which they used and cared for the river system. These outings were seen as critical to building an appreciation and understanding of the different stakeholders' needs, and fostering an attachment to the river ecosystem. Similar field trips and a river boat cruise in the Kristianstad wetlands were noted as having played an analogous role in reframing perspectives and shifting values in that study (e.g., Table 3 , Quote C).
At a more fundamental level, reframing the idea of environmental conservation itself seems to have been a critical factor enabling the emergence of alternative management approaches, especially in the Kristianstad case. Before the establishment of Ecology and Society 15(2): 9 http://www.ecologyandsociety.org/vol15/iss2/art9/ the EKV, conservation in the Kristianstad region was largely seen as involving wetland protection but excluding the human influence. A crucial factor in convincing the Kristianstad Municipality to establish the EKV was that it proposed to link conservation to economic and social development priorities. The wetlands were reframed as being an asset rather than a problem, so that the region became seen as "water rich" as opposed to "water sick" (Olsson et al. 2004 ). The stated vision of the EKV was to open the wetlands up for human use and enjoyment rather than excluding people (Table  3 , Quote D). Reframing conservation in a way that integrated economic and social imperatives and recognized and incorporated human use of ecosystems was also a distinguishing feature in the establishment of the LWC and the SRWG.
Lastly, the Kristianstad case study suggests that role models of integrated, collaborative ecosystem management can be important as a source of inspiration for developing alternative ecosystemmanagement approaches. Magnusson was much inspired by the French "Musée Camarguais" and the UNESCO Man and Biosphere Program to develop the original proposal for the EKV (Olsson et al. 2004 ).
Engaging Stakeholders
Stakeholder engagement refers to the process of engaging people with a stake in a particular decision in the process of decision making, taking into account their varying perspectives, priorities, and limitations. In all three case studies, the engagement of key stakeholders appears to have been central to developing new approaches to ecosystem management and enabling these ideas to be successfully implemented. Stakeholders included key groups impacting or impacted by changes in the local ecosystem, as well as various fragmentary groups carrying out conservation and management efforts. A simple, compelling focus seems to be important in initially engaging stakeholders and enabling a collaborative group to form and "gel." For example, in the Sabie River case, preventing the river from running dry provided a clear issue for approaching different stakeholders and initiating discussions. Once the group had formed, it was possible to develop more complicated and diverse foci. Similarly, discussions leading up to the formation of the LWC focused primarily on waterquality management (Born and Rumery 1989), but over time the LWC adopted additional foci such as control of non-native species.
Several interviewees noted specifically that successfully engaging stakeholders does not simply involve inviting everyone who may be interested in a particular issue to a meeting (e.g., Table 3 , Quote E). Rather, different stakeholder groups are initially best approached individually, so that discussions can be framed in terms that speak to the concerns and needs of the different groups. The development of the EKV provides a very clear example of this approach. After coming up with the initial idea for the EKV, Magnusson garnered support by approaching receptive, strong individuals in key organizations (Table 3 , Quote F). Over time, close relationships and trust with these individuals was established, and only once Magnusson had incorporated their ideas into the EKV proposal and had their support did he involve a broader spectrum of stakeholders (Olsson et al. 2004 , Olsson 2007 . This "starting small" approach remains a key strategy of the EKV when starting new projects. It also supports the well-established finding that innovative new ideas need initial nurturing if they are to grow (Young Foundation 2006 , McKeown 2008 .
Once collaborative groups in the different case studies had formed and agreed on a set of objectives, the experiences and perspectives that different stakeholders brought to the table played an important role in developing and implementing strategies for meeting the groups' objectives. For example, to achieve the agreed-upon goal of preventing the Sabie River from running dry, the forestry sector in the region volunteered to remove "runaway" exotic trees in the riparian zone of the river's upper reaches, while irrigators voluntarily developed and implemented water restrictions that were subsequently adopted and promulgated by the Department of Water Affairs and Forestry (O'Keeffe and Rogers 2003) . Interviewees in the Sabie River case felt that the development of a "team spirit" was central to motivating the different actors to generate and voluntarily implement such ideas. As mentioned, field trips, that also involved barbequing and drinking beer, were believed to be central in building the trust and respect that enabled a team spirit to emerge (Table 3, Quote G). As found by other authors (Born and Genskow 2001), discussing and developing organizational rules for Ecology and Society 15(2): 9 http://www.ecologyandsociety.org/vol15/iss2/art9/ the functioning of the group also appeared to play an important role in the development of group cohesion in the different case studies.
In the LWC, the possibility for engaging key stakeholders has arguably been partly compromised by overformalizing the processes by which the group operates. Rather than constituting a voluntary association of interested and concerned groups and individuals, the LWC is a formal commission to which members are appointed. Membership is limited to 10 people who represent specific rural and urban constituencies. Although this may ensure that the views of certain groups are not excluded, it makes the LWC somewhat inflexible with regard to engaging new groups or individuals that become relevant or interested to contribute to the work of the LWC. An overformalized structure may also compromise learning and innovation, and many authors have found that new ideas and collaboration are best generated in trustful, informal settings , Hahn et al. 2006 , McKeown 2008 .
Social Entrepreneurship
A social entrepreneur is someone who recognizes a social problem and uses entrepreneurial principles to organize, create, and manage an initiative to bring about social change (Leadbeater 1997 , Bornstein 2004 . Social entrepreneurship was a critical element in the development of new management approaches in all three case studies, supporting a large body of existing work on the importance of leadership and entrepreneurship in transformation (Born and Genskow 2001 , Folke et al. 2005 , Westley et al. 2006 ). In the studies we examined, social entrepreneurship played a particularly important role in three respects: (1) reframing perspectives, especially by providing or facilitating the development of an alternative vision for ecosystem management, (2) engaging key stakeholders by fostering a group identity and building networks, and (3) managing conflict. These functions were often performed by the same individual but in some cases were dispersed across several individuals.
Because (1) and (2) have largely been covered in the above discussion, we focus here on conflict management. Tensions between the perspectives and needs of different stakeholders are often a key source of new ideas and approaches. For example, the need to integrate conservation with economic and social development needs was central to the development of the EKV approach. However, if not appropriately managed, conflicts can forestall the development and spread of new approaches and ideas (Kofinas and Griggs 1996, Olsson 2007 ). In the Sabie River case study, for example, there was substantial antagonism between the forestry and irrigation sectors during the initial meetings (Table  3 , Quote H). Despite established evidence that exotic timber plantations substantially reduce runoff (Wicht 1949 , Hewlett and Hibbert 1961 , Smith and Scott 1992 , representatives of the forestry sector maintained that the plantations in fact improved runoff. The chairman of the group, Japie Lubbe, is credited with managing the impasse and enabling agreement to be reached on the major factors impacting river flow. Only once consensus was attained in this respect could options for reducing impacts be productively explored.
In terms of building networks and diffusing ideas, we add that entrepreneurs in the different case studies acted as key nodes linking a variety of local networks. Individuals that performed key leadership and entrepreneurial functions were typically involved in similar roles in several other networks. For example, Shary Bisgard, an initiator and early chair of the LWC, was also actively involved in several other citizen and county groups, such as neighborhood associations and countyplanning boards. At any one time, as well as through their movement between groups over time, such individuals create links among groups and function as a vehicle for diffusion of ideas from one group to another (Janssen et al. 2006 , Westley et al. 2006 .
Institutional Support
Institutional support refers to support for day-today operational activities of an institution, such as finance, personnel, management, planning, and office space. In the three case studies we examined, institutional support, and specifically governmental support, appeared to be a key factor enabling the bridging organizations to become established. In the case of the EKV and the LWC, the organizations are formally housed by the local government, who provide salaries and office space for a small core staff. Such assured funding, especially for managing administrative and organizational aspects of bridging organizations, has been found to be central to their maintenance over time (Born and Genskow http://www.ecologyandsociety.org/vol15/iss2/art9/ 2001, Young Foundation 2006) . Links to and support from government also provide a potential mechanism for diffusion of ideas and activities of the bridging organizations to other areas and groups (Young Foundation 2006) . However, the Sabie River case illustrates that government can also inadvertently squash grassroots-initiated bridging organizations. Initially, the Department of Water Affairs and Forestry was very supportive of the activities of the SRWG. However, new legislation introduced in 1998 (Republic of South Africa 1998) mandated the establishment of Catchment Management Agencies (CMAs) for all major catchments in South Africa. These agencies are to contain representatives from all major stakeholder groups, and are empowered to make decisions about local water allocation and to perform various bridging functions in managing local river systems. The legislation is widely heralded as visionary (Postel and Richter 2003, Gowlland-Gualtieri 2007) and is based on contemporary understanding of complex systems and values espousing stakeholder participation and empowerment. However, it is widely held that the organizational culture of the Department is poorly matched to facilitating the establishment of these agencies (Rogers et al. 2000) and, in addition, the Department is faced with serious capacity constraints. Attempts to establish the Inkomati CMA for the Sabie River led to the disbanding of the SRWG, and the subsequent faltering of the process is a source of much frustration.
IMPLICATIONS: WHAT STRATEGIES MIGHT FOSTER A WAVE OF INNOVATION IN ECOSYSTEM MANAGEMENT?
In many respects, society at the global scale can be interpreted as poised for, or perhaps already undergoing, a major back loop (Gray 1995 , Steffen et al. 2004 , Constanza et al. 2007 ). Environmentally, many of the approaches and practices that characterized the modern, industrial era of the last 300 years or so are now widely regarded as unsustainable and in need of fundamental reorganization (Steffen et al. 2004 , Millennium Ecosystem Assessment 2005 , Intergovernmental Panel on Climate Change 2007 . Furthermore, although these are often overlooked, dramatic changes in attitudes toward the environment, support for inclusive, democratic practices, and beliefs about the ability and role of science in society have occurred over the past half century (Funtowicz and Ravetz 1993 , Gray 1995 , Cortner and Moote 1999 , Ziman 2000 . Our case studies suggest that these conditions may create fertile ground for radical social innovation. We have attempted to explore what factors might be leveraged to bring about a large-scale transformation in ecosystem management.
Applying a social-innovation framework emphasizes that environments conducive to the development of alternative ideas for ecosystem management, as well as conditions that nurture such ideas and allow them to take root, are critical to enabling transformation in ecosystem management. Based on the case studies we examined, we suggest that the following strategies may help create environments that enable new ideas for ecosystem management to emerge and flourish, at least at the local scale. How and under which conditions such strategies may best be implemented need to be examined using more detailed explanatory casestudy approaches.
Foster environmental awareness and attachment to local ecosystems
Our interviews highlighted that leaders who spearhead transformations are often greatly motivated by an awareness and understanding of the unique aspects of the ecosystems they seek to have better governed, and often feel a deep attachment to these ecosystems. In many cases, such attachment started forming during the leaders' youths. Additionally, our case studies indicate that stakeholders become substantially more open to changes in ecosystem management, often at a cost to themselves, once they become aware of the value of the local ecosystems and have personally experienced these environments. Therefore, we suggest that fostering awareness and attachment to local ecosystems among both adults and youths may directly and indirectly contribute to increased rates of social innovation in ecosystem management. This supports work by other authors .
Our case studies suggest that environmental awareness and attachment to this end may be best fostered through informal, experiential activities that take place within the setting of the local ecosystem (e.g., Table 3 , Quote G). Our interviews also point to the importance of access to local ecosystems in building support for their http://www.ecologyandsociety.org/vol15/iss2/art9/ conservation (e.g., Table 3 , Quote D). Although many environmental awareness activities already exist, it is clear that there is substantial scope for expanding interaction with local ecosystems in modern societies (Louv 2008) . Our exploratory work suggests that better understanding how environmental awareness and attachment to local ecosystems may best be fostered and supported, and the impact it has on individuals and societies, is an important area for further research.
Build capacity for social entrepreneurship
As in our case studies, social entrepreneurship and leadership have widely been found to be critical to transformation processes (Born and Genskow 2001, Olsson et al. 2004 ). The nature, effectiveness, and development of leadership and social entrepreneurship is an area that has received much attention, especially in the business literature (Lewin et al. 1939 , Greenleaf 1977 , Burns 1978 , House and Podsakoff 2003 , McCauley and Van Velsor 2003 . Studies have shown that personality traits strongly influence an individual's entrepreneurial ability (McCauley and Van Velsor 2003) , although most people can develop their effectiveness through focus, practice, and persistence (McCauley and Van Velsor 2003, Carter et al. 2004 ) and many programs exist to meet this need. However, relatively few programs focus specifically on developing leadership and social entrepreneurship in the environmental arena.
Promoting integrated, collaborative, adaptive environmental management requires democratic or servant leadership, where all parties contribute to and take ownership of key decisions (Lewin et al. 1939 , Greenleaf 1977 , as well as social entrepreneurship, i.e., the ability to recognize a social problem and use entrepreneurial principles to organize, create, and manage a venture to address the problem (Bornstein 2004 , Leadbeater 1997 . Key strategies employed by successful social entrepreneurs include: (1) building and amplifying networks of individuals and organizations relevant to the problem, (2) dispersing power, for example, by involving people such as technicians who have low formal status but hold knowledge critical to the problem, and (3) avoiding centralized control and structuring (Westley 1997, Westley and . We suggest that developing and expanding programs that focus specifically on developing leadership and entrepreneurial capacity for collaborative problem solving around environmental issues could give a substantial boost to social innovation in environmental management. Identifying the important elements of such a program represents another important area for further investigation.
Our case studies also suggest that transformation could potentially be leveraged by identifying and supporting key, established, innovative individuals already performing leadership functions in support of environmental-management transformations in a particular region. As is evident from our case studies, such individuals have well-established, extensive networks, and act as key links between disparate groups and initiatives. Providing key individuals with financial and institutional support, and giving them relative carte blanche to initiate and carry out activities is increasingly adopted as a strategy for enhancing innovation (Westley et al. 2006 , Young Foundation 2006 , McKeown 2008 .
Foster dialog between key stakeholders
Our case studies suggest that dialog between key stakeholders is a critical precursor to the establishment of integrated, collaborative ecosystemmanagement institutions. Our studies also indicate that simply inviting all stakeholders to a few joint meetings is usually insufficient for achieving the generative dialog that enables new ideas to emerge and grow (e.g., Table 3 , Quote E). Much recent work can be drawn upon to promote more productive dialog between parties with conflicting interests (Gray 1989 , Isaacs 1999 , Kahane 2004 , Senge et al. 2004 . This work stresses the need to first acknowledge and explore the perspectives and needs of the different parties. Then, rather than seeking to negotiate a compromise among the initially articulated needs of the different parties, the emphasis is on reframing the situation away from one of conflict to one of common interests and challenges (Wondolleck and Yaffee 2000, Rogers 2006) . Such reframing often enables novel and durable strategies to emerge that could not be imagined if the situation is framed in terms of conflicting interests.
Although dialog processes demand substantial time and commitment by participants and may require management by experienced facilitators, we suggest that the understanding, trust, and networks built through dialog processes probably justify greater investment in such activities as a means of stimulating transformation in ecosystem management. Alternatively, as shown in our case studies, dialog processes may be realized by supporting key leaders Ecology and Society 15(2): 9 http://www.ecologyandsociety.org/vol15/iss2/art9/ who can lead and support one-on-one meetings between stakeholders in a particular region (e.g., Table 3 , Quote F). Therefore, an important area of research flowing from this study is better understanding how stakeholder dialog processes may best be encouraged and supported to the end of stimulating innovation in ecosystem management. An important tool in this regard is social network analysis, or the mapping and measuring of relationships and flows between people, groups, and organizations (Scott 1991 , Freeman 2006 .
Although it was not employed in the case studies we examined, we also note that scenario planning may be a particularly productive and nonthreatening means by which dialog processes can be realized (van der Heijden 1996 , Peterson et al. 2003 , Kahane 2004 , Scearce et al. 2004 . Scenario planning has two additional benefits: (1) it explicitly requires that several alternative futures for a region be considered, encouraging broader framing and scoping of a situation and hence stimulating the generation of a more diverse set of possible management options, and (2) by focusing on the future, it removes participants from immediate conflicts that are often a significant obstacle to initiating dialog (Kofinas and Griggs 1996, Olsson 2007) . Exploring the use of scenario planning as a tool in ecosystem-management transformation may be a particularly fruitful area of research.
Provide institutional support
Our case studies support a substantial body of work (e.g., Born and Genskow 2001, Young Foundation 2006) that points to the importance of institutional support in enabling new ecosystem-management approaches to take root. As noted above, supporting environmental awareness, developing social entrepreneurship, and fostering stakeholder dialog processes can stimulate the formation of groups aimed at collaborative ecosystem management. However, once such groups have formed, their maintenance over time is often seriously challenged by institutional and financial constraints (Wondolleck and Yaffee 2000, Born and Genskow 2001) . As noted by other authors (Born and Genskow 2001, Young Foundation 2006) , the Kristianstads Vattenrike and Yahara Lakes examples suggest that partnering with local government institutions often provides a durable base from which collaborative ecosystem-management groups can function. However, in many parts of the world, enabling such partnerships requires major changes in how governments operate. In particular, it requires strategies and mechanisms that prioritize creative connections and institutions that cut across traditional boundaries (Young Foundation 2006) . Furthermore, given the complex and multidimensional nature of the issues that collaborative management groups seek to address, the outcomes from the activities of these groups may not be obvious or may only become evident after a substantial period of time. Therefore, Born and Genskow (2001) stress the need for more complex evaluation procedures to assess the performance of such groups. Specifically, assessment should not focus only on environmental outcomes, but should also include measures of social-capacity development, institutional changes, economic outputs, and intermediate environmental outcomes (Born and Genskow 2001) . Our case studies further emphasized the importance of fun, informal activities such as field trips and barbequing, in fostering team spirit and innovation (e.g., Table 3 , Quote G). Such activities challenge conventional notions of appropriate activities for environmental-management groups and agencies. Therefore, our findings highlight the need to reconsider restrictions associated with funding that aims to support and stimulate innovation in ecosystem management.
We also note that several countries have piloted innovative legislative and institutional arrangements to stimulate the formation of collaborative grassroots ecosystem-management groups. For example, Sweden passed legislation enabling the formation of local fishing associations in the early 1980s. These associations have access to governmental funding, as well as certain legal powers relating to the setting of fishing quotas, and management of land use in the watersheds of the lakes that they manage (Olsson and Folke 2001) . At least in some regions, there is evidence that the formation of such associations has stimulated innovative ecosystem-management strategies and has improved environmental conditions (Yaffee et al. 1996 , Born and Genskow 2000 , Olsson and Folke 2001 . Other government-mediated factors that can strongly influence innovation in ecosystem management are: (1) the creation of markets for ecosystem services (Dasgupta 2001, Daily and Ellison 2002) , (2) the provision of capital, education, and infrastructure (Homer-Dixon 1995) , and political stability (Wright 1991 , Homer-Dixon 1995 . Central to governmental strategies for stimulating innovation in ecosystem management http://www.ecologyandsociety.org/vol15/iss2/art9/ is an acknowledgement that not all funded initiatives will succeed. As in any innovation process, intolerance of failure is likely to stifle innovation in ecosystem management. A detailed comparative analysis of how and under which conditions governmental programs successfully stimulate the formation of collaborative grassroots ecosystem-management groups could provide valuable insights in this regard.
CONCLUSION
The findings from this exploratory study suggest that a social-innovation perspective provides a useful alternative framework for studying and understanding factors that may promote transformation in ecosystem management. We have suggested several strategies by which innovation in ecosystem management may potentially be enhanced in support of transformation in ecosystem management. However, these findings need to be verified and further explored by more in-depth studies. Understanding obstacles and barriers that hinder transformation in ecosystem management are particularly important, and represent an important area for further research. The insights from this work would also be furthered by in-depth analyses of ecosystem-management transformations at larger regional, national, and international scales, and with respect to environmental attributes other than freshwater.
We note two final issues in relation to social innovation and transformation in ecosystem management. First, innovation is a strongly nonlinear process. Transformative social innovations are often characterized by a protracted period in which new ideas have very limited rates of adoption. However, as in technology adoption, once uptake of social innovations reach a certain level, they may suddenly "take off" so that adoption rates increase dramatically (Rogers 1995). Our analyses suggest that in terms of meeting new social and environmental needs triggered by environmental degradation, two important reasons for lags in ecosystem management transformation are: (1) that it takes time to appreciate the value of the ecological attributes being lost and to establish their likely causes, and (2) that initial responses are typically incremental changes to existing approaches, and only once it is established that such responses are insufficient are more radical and innovative responses sought. Together, these two factors suggest that we should often expect a substantial delay from the time at which environmental degradation becomes apparent to the time at which society reorganizes ecosystem management to address the degradation. One interpretation of the current global environmental situation is that it is precisely in this "lag" phase: environmental degradation is apparent, the value of the ecological attributes being lost is increasingly appreciated, and it is recognized that existing approaches are inadequate (Intergovernmental Panel on Climate Change 2007, Millenium Ecosystem Assessment 2005), but social institutions have not yet reorganized to address the situation. Our objective has been to explore factors that might be leveraged to foster such reorganization in environmentalmanagement approaches.
Second, innovation is always defined relative to a particular context and time. What is new and innovative today is set to become old and the source of new problems in the future. Therefore, we do not espouse integrated, collaborative management as a panacea. Although we concur with authors who maintain that there is enormous scope to expand such forms of management, and that they are likely to help address many important environmental challenges we face today (Cortner and Moote 1999, Wondolleck and Yaffee 2000, Armitage et al. 2007 ), integrated, collaborative management is not appropriate in all contexts and is certain to generate its own set of problems in time. A critical challenge in ameliorating the emergence of new problems is the design of ecosystem-management institutions that remain innovative and adaptive over time , Berkes et al. 2003 , Chapin et al. 2009 ). We have not investigated this issue in our analysis, but identify it as an important area for further research. In particular, we note that there is tremendous scope for social innovation to meet ongoing needs for adaptation as ecosystem management evolves in different localities. Creating environments that foster ongoing social innovation is likely to be critical in this respect, and may be usefully informed by understandings gained in the business and science arenas.
